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Abstract 
 
Dental mirrors allow for dentists or hygienists to view parts of the mouth that would 
otherwise be difficult or impossible to see. During procedures this mirror can become soiled with 
debris causing the mirror’s visibility to decline. There are many patents in existence that have 
varying methods of dealing with this problem. This MQP develops new methods of removing 
debris. The method ultimately developed is a disposable push wiper system.  A rod with a wiper 
at the end slides inside of a case that attaches to the dental mirror handle.  By pushing the rod, 
the wiper deflects up the mirror surface and cleans off the debris in the process.  This system was 
chosen, designed, and prototyped after background research and analysis were completed.  
Testing of the final prototype indicate that the attachment can successfully remove debris from 
the surface of the dental mirror within the constraints of the design specifications. 
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Chapter 1. Introduction 
 
Dental mirrors are used in a range of procedures, from a simple teeth cleaning to various 
oral operations. The standard mirror used in these procedures includes a handle and a mirror 
which either screws on or is a permanent feature.  Mirrors allow for the dentist or hygienist to be 
able to see inside of the mouth at the back of teeth or other areas that are difficult to see. Not 
only do they provide a means of vision, but they also serve the purpose of holding parts of the 
mouth in place as to stabilize a certain area being examined or worked on. While achieving these 
tasks, the mirror portion of the device can become obstructed by various types of debris.  
The current standard mirror does not provide a means of clearing off debris. Debris includes 
water, saliva, blood, tooth polish, and solid particles inside the patient’s mouth from an 
operation, or any other object that can obstruct the mirror or reduce its reflectivity. When these 
objects hinder the view of the mouth for the user of the mirror, the dentist or hygienist must 
remove it from the patient’s mouth in order to wipe or clean the mirror.  
 Cleaning the mirror increases the time for a procedure. It may not seem as though 
removing debris would be an important problem, however, during a lengthy procedure, the 
amount of time spent wiping the mirror clean can be significant. If debris is constantly reducing 
the reflectivity of the mirror during a surgery, it can disrupt the continuity of the procedure 
creating a more stressful situation than is necessary. A means to clear debris and restore visibility 
that functions while the mirror is inside the patient’s mouth will greatly reduce time normally 
spent wiping the mirror. The user will be able to finish procedures more quickly, benefiting both 
the dental office and the patient.  Not only will a device like this save time, but it will save the 
user from having to constantly reposition the mirror in a desirable place within the patient’s 
mouth after removing it.  
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Chapter 2. Background Research 
 
To become familiar with the dental mirror background it is important to research the 
types of commercially available mirrors.  There are several different kinds of dental mirrors 
which do not have self-cleaning capabilities.  Some have one mirror with a simple handle while 
others are double sided with two mirrors. They can either be autoclaved or have disposable 
mirror heads that can be replaced. Mirror assemblies can be one piece or have attachable heads. 
For two piece devices, cone socket handles and simple stem handles are available. Simple stem 
handles have a straight flush section where the mirror screws in. Cone sockets have a tapered 
ledge or lip where the mirror attaches. 
There are some self-cleaning dental mirrors commercially available.  Most of the self-
cleaning dental mirrors on the market work using the same basic concept: a mirror that rotates at 
a high speed within its casing.  The rotation causes all of the debris that lands on the mirror to be 
flung off immediately keeping the mirror clear.  Figure 1 shows the Rotomir self-cleaning 
mirror.  This design utilizes the aforementioned cleaning process. 
The Rotomir mirror is activated by a button on the handle close to the mirror surface.  
When the button is pressed, the mirror rotates within its case at a high speed causing any 
accumulated debris to be instantly removed (http://www.mirrodent.se).  One of the issues with 
the Rotomir is that it is very bulky compared to most dental mirrors.  It is comparatively larger 
and heavier which makes it more difficult to hold and position for long periods of time during a 
dental procedure.   
There are other commercially available rotating dental mirrors that use this exact some 
process to maintain visibility.  Two examples are the Cyclean (alibab.com) and Everclear 
(crystaltip.com) dental mirrors. They all differ from each other only in the method by which they 
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Figure 1: Rotomir self-cleaning mirror (mirrodent.se). 
  
are activated, their shapes and sizes, and their cost.  These rotating self cleaning mirrors can cost 
anywhere from $750 to $2200 depending on the type of package and number of replacement 
mirror heads purchased.  Standard dental mirrors cost anywhere from $3 to $7 each depending 
on their material, whether they are disposable, one piece, two piece, etc.     
There are many patented self-cleaning dental mirrors which cannot be found 
commercially but are applicable to this project.  The following design is from a patent from 
Randy Miles Widen et al called the Self Cleaning Dental Mirror (Widen et al, Patent No. 
3969824, 1976).  It uses water and air flow to clean the mirror during dental procedures.  This 
requires hookups to feed water and air into the mirror handle so it can be sprayed on the mirror 
itself.  There are many patented variations of this design which use either air or water or a 
combination of both.  The water and pressurized air flow through the handle of the mirror.  The 
spaces through which water and air flow, are labeled as 16 and 18 in Figure 2.  The operator 
activates the air and water flow causing the debris on the mirror to be washed and blown away.   
This design requires water and air hookups to function which means more hoses that can 
 4  
 
potentially get in the way of the user. It also involves more effort than the average dental mirror 
to use. 
 
Figure 2: Water and Air Self-Cleaning Dental Mirror Patent Design (Widen et al, 1976) 
Another design simply called Dental Mirror was patented by Gerald R. Broussard 
(Broussard, Patent No. 3539247, 1970).  It uses a conveyer belt type design to move a thin 
transparent film across the mirror, renewing the mirror’s reflective qualities.  Figure 3 shows a 
full view of the mirror as well as the inner workings of the cleaning apparatus.  In this figure, 13 
is the reflective mirror surface which is rotated by the motion of the gears numbered 17, 18, and 
19.  The part labeled 19 is powered to move by the rod numbered 20 which spins inside of the 
handle.  As the reflective surface constantly cycles through the apparatus like a treadmill, it 
remains clean.  This design, while possibly effective, contains many intricate parts that all need 
to work together to be useful.  The head of the mirror also seems to be excessively bulky and 
impractical.  It does not seem to be a viable design for commercialization.   
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Figure 3: Conveyer Belt-like Dental Mirror Patent Design (Broussard, 1970) 
Another type of mirror works similarly to the commercially available self-cleaning 
mirrors which spin at a high speed to remain clean.  The following patent pictured in Figure 4 
belongs to Stephen E. Tarr et al and is called the Portable Self-Cleaning Mirror Apparatus and 
Method (Tarr et al, Patent No. 5654824, 1997).  The mirror itself, which is labeled 36, spins in its 
housing. The wiper, 18, remains stationary in contact with the mirror surface.  As the mirror 
rotates, the wiper removes any debris that gathered on the mirror surface.  The problem with this 
design is that a portion of the mirror surface is constantly being obstructed by the wiper blade.  
This means that there is decreased visibility for the user compared to an ordinary mirror which 
defeats the purpose of having a self-cleaning mirror.   
Some self-cleaning dental mirror designs require the mechanical power of the user to be 
operated.  The two following patents use this type of design.  The EZ Wipe Dental Mirror was 
patented by Robert Steven Nykaza (Figure 5) and it requires the user to manually push a wiper 
straight across the surface of the mirror (Nykaza, Patent No. 5827059, 1998).  The Dental Mirror 
Wiper Attachment patented by Peter M. Beck (Figure 6) can be attached to a dental mirror and 
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Figure 4: Rotating Mirror with Wiper Patent Design (Tarr et al, 1997) 
operated using a hinge system that pushes a wiper across the mirror (Beck and Mills, Patent No. 
2973541, 1961).   
 
Figure 5: Dental Mirror with Wiper Patent Design (Nykaza, 1998) 
 The mirror in Figure 5 has a very simple wiper system whereby the thumb grip, labeled 
11, is pushed causing the wiper, 9, to clean the mirror surface, 13.  The long rod, 7, connects the 
thumb grip to the wiper in one attachment that can be connected to an appropriately sized dental 
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mirror.  The simplicity yet overall probable effectiveness of this design makes it a possible 
option for design ideas. 
 
 
Figure 6: Mirror Wiper Attachment Patent Design (Beck and Mills, 1961) 
 Figure 6 shows another kind of wiper attachment.  This wiper is operated by pushing on 
the actuator, 18, with the middle finger.  Actuator 18 is connected to a rod, 21, within a casing, 7, 
which pushes the wiper, 13, across the mirror surface.  A fixed connection to the mirror handle is 
established at 14 such that the wiper can move properly across the mirror.  This design employs 
many useful qualities for a self-cleaning dental mirror system: it is simple, it can be attached to a 
mirror without needing to redesign the entire system, and it seems to be comfortable and easy to 
use. 
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Chapter 3. Preliminary Designs 
 
A number of preliminary design concepts have been developed as possible solutions.  
The following six concepts are sketches of devices that could be developed into prototypes of 
self-cleaning dental mirror apparatuses. Design Concept 1 (Figure 7) is a wiper attachment that is 
operated by the index or middle finger of the dental mirror user.  The user pulls down on the 
finger tab causing a spring to go into tension.  This spring is connected to a wiper which sits on 
the mirror head.  The pull from the spring causes the wiper to move from side to side across the 
mirror, removing any debris.  The attachment is connected to the mirror handle near the head.  
The rod that pulls the spring moves through this connection piece allowing the wiper to move 
while the assembly remains fixed to the dental mirror. 
Design concept 2 (Figure 8) is an attachment which causes a wiper to move from side to 
side when the user pushes the finger tab.  Much like design concept 1, the assembly attaches to 
the mirror handle near the head.  A bar, connected to the push tab, moves through the connection 
piece.  The bar is connected to a lever attached to the wiper causing the wiper to slide across the 
mirror when the tab is pushed. 
 
Figure 7: Pull tab wiper 
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Figure 8: Push tab, lateral moving wiper 
Design concept 3 (Figure 9) is based upon of the mechanism used inside a mechanical 
pencil. The push button is pressed down, moving a shaft forward. This shaft compresses a spring 
attached to the wiper mechanism. Once pressed, the wiper moves up and cleans the mirror. When 
the button is released, the wiper automatically returns to the base of the mirror. This design could 
either be added to an existing mirror or could be used with a customized handle. 
 
Figure 9: Push button design 
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 Design Concept 4 (Figure 10) consists of an attachment in which a wiper moves up and 
down the mirror as the activator is pushed from side to side by the user.  The middle section of 
the activator feature is fixed but can pivot.  This lever is connected to a bar with another fixed 
pivot forming a linkage.  This bar is connected to the wiper which is at rest at the bottom of the 
mirror head.  As the actuator lever is moved laterally, the linkage straightens out which moves 
the wiper across the mirror head, removing any debris. 
 
Figure 10: Side to side linkage wiper attachment 
 
Design concept 5 (Figures 11 and 12) is a design idea which uses lateral motion to clean 
the mirror’s surface.  The user of this wiper pushes the rod from its starting position on one side 
of the mirror handle to its end position on the other side.  The motion is facilitated by a fixed 
pivot where the rod connects to the mirror handle.  Because the pivot is fixed, a deflection of the 
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rod as the wiper moves across the mirror surface is created.  If this design is chosen as the final 
design, the deflection of the rod will need to be taken into consideration when choosing materials 
and deciding on the geometry of the device. 
 
Figure 11: Side to side rod wiper (top view) 
 
Figure 12: Side to side rod wiper (side view) 
  
Design concept 6 (Figure 13) is a push rod wiper inside of a housing attachment.  The 
handle is cylindrical and houses the mechanism used in the mirror cleaning process. A raised 
piece comes out of the track in the top of the handle and allows the user to push the device 
forward to clean the mirror, and then pull it back to retract it. A spring in compression could pull 
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the device back, eliminating the need for the user to do this manually. Either disposable or 
permanent screw on mirrors can be used with the handle. A track system inside the handle 
enables the mechanism to slide forward, pushing the cleaning head over the mirror. This would 
clean the mirror of any debris. 
 
Figure 13: Push wiper, handle housing 
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Chapter 4. Project Objective 
 
The purpose of this MQP is to create a means for efficiently removing the debris from the 
surface of a dental mirror during dental procedures.  The device should effectively maintain the 
reflectivity of the mirror while remaining inside of the patient’s mouth and being comfortably 
operated with one hand. 
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Chapter 5. Design Decision Process 
 
Upon further consideration of design ideas 1, 2, and 3, it became clear that there would 
be several difficulties in bringing these concepts to fruition.  These three designs contain small, 
intricate parts that would cause complications.  It would be very difficult to design these parts 
and to have them machined.  The rapid prototyping machine on the WPI campus has certain 
tolerances that may not be able to accurately create all of the intricacies that are necessary for the 
part, and having a rapid prototype part is very important in refining a design.  Furthermore the 
cost of manufacturing these parts would be relatively high.  Designs with small parts in an 
application like this might also pose a safety hazard to patients who have it inside of their 
mouths. Time is also a major factor in the design process for the project. The time limit reduces 
some design possibilities. A better design could be chosen, however, because there needs to be a 
design, manufacturing, testing, and redesigning, a simpler, less optimal design may be chosen.  
 The decision for the final design was based on the criteria shown in the decision matrix in 
Table 1. The three viable design ideas were judged based on their manufacturability, cost, patient 
comfort/safety, ease of use, and reliability.  In each category the designs were given a score 
based on how well they performed in that category, 1 being the worst and 10 the best score 
possible.  Their scores were then averaged based on the weight given to each category.  
Manufacturability, performance, and patient safety were given the most amount of weight, 20%, 
because they are the most important in terms of this project and what a dentist will be willing to 
use on his patients.  Table 1 shows that design 6, the push wiper inside a case attachment, is the 
design with the greatest overall score and was therefore chosen as the final design.   
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Table 1: Decision Matrix of Preliminary Designs 
Factors Manufacturability Cost Performance Patient 
Comfort/Safety 
Usability Reliability Rank 
Weight .2 .1 .2 .2 .175 .125  
Design #4 
(Side to 
Side 
Linkage 
5 6 7 7 6 5 6.08 
Design #5 
Side to 
Side Rod 
9 9 7 6 7 8 7.53 
Design #6 
(Push 
Wiper 
9 8 9 8 8 8 8.4 
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Chapter 6. Final Design Concept Analysis 
 
 Before the chosen design could be modeled in a CAD program, a considerable amount of 
analysis had to be done in order to determine the appropriate geometry, forces acting on the 
system, stress, appropriate material selection, etc.  This involved drawing a free body diagram of 
the system and making certain assumptions to understand what was happening as a result of the 
deflection of the rod and how this could translate into a working part. There are four main 
aspects that needed to be addressed in order to ensure the viability of the device. A free body 
diagram was used to determine the forces acting on the device. Then assuming a cantilever 
beam, the deflection could be used to find limits for the geometry and material selection. The 
geometry was selected followed by possible materials. The entirety of these calculations and 
analysis can be found in the appendix of this paper. 
 
6.1 Free Body Diagram 
  
The first step in analyzing the final design was to set up a free body diagram of the forces 
acting on the device. To simplify the process friction was neglected. It was also assumed that the 
system was in equilibrium. The size and distances between features of the device as well as the 
distance from the mirror surface needed to be chosen. These distances were selected based on 
comfort and function. The lengths can be seen in Figure 14.   The assumption of necessary force 
was made based on data of finger strength. The value of the push force, P, was found using a 
chart of thumb strengths according to NASA research (nasa.gov). According to this information, 
the average male can comfortably hold about 8 lbf for an extended period of time. No data for 
females was available. As various types of people with fluctuating abilities will be using the 
device, it is important to make it easy to use for any person operating the device. Taking this 
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factor into account, a force of 3 lbf was estimated to be appropriate. This constant value is used 
in order to find other forces acting on the device.  It is important to note that “N” is at a 45° due 
to the mirror being angled at approximately this angle from the mirror handle. L1, L2, and L3 
have values of 0.707in., 2in., and 3in. respectively. L1 takes into account the horizontal distance 
of the mirror head, showing the device at its maximum deflection when the device is pushed 
forward.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14: Free body diagram of final design concept 
 
There are three equations that were used to solve for the three unknown variables. These 
equations are as follows: 
 
 
Equation 1: Forces in the y-direction 
 
Equation 2: Forces in x-direction 
 
Equation 3: Sum of the moments 
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Solving these equations allowed for values for N, N1, and N2 to be calculated. They came out to 
be 4.95 lbf, 3.5 lbf, and 3.16 lbf respectively. The necessary force in the y direction for “N” turns 
out to be 3.5 lbf. This is important because it is the necessary in the y direction to move the 
device to its maximum deflection.  
6.2 Cantilever Beam 
 
 The device can be considered as a cantilever beam. The shaft of the wiper is assumed to 
be a cantilever beam with one fixed end and a free end. This assumption can be made because of 
the design of the device. Figure 15 shows an example of the device at its origin versus its 
position at the maximum deflection. 
  
 
Figure 15 shows how the shaft of the wiper deflects upwards and behaving like a 
cantilever beam. This occurs due to the normal force in the y direction, Ny. The deflection, δ, is a 
constant. This deflection is controlled by the vertical distance of the mirror. The distance is 
measured to be 0.707 in. Therefore, the constant value of δ is 0.707 in. Deflection is important in 
solving for elastic modulus, E, as well as for moment of inertia, I. These values together 
Figure 15: Example of cantilever beam showing normal force in the y 
direction and deflection 
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determine what the geometry of the device is, along with what material may be chosen (Equation 
4). 
 
Equation 4: Equation for deflection 
The force “F” in this equation is equal to the pushing force of 3.5 lbf.  L is the horizontal 
distance of the wiper while it is fully deflected. The variable I can be solved for using equations 
5 and 6. 
 
Equation 5: Moment of Inertia for rectangular cross section 
 
Equation 6: Moment of Inertia for circular cross section 
 Equation 5 is used if the cross section of the shaft is rectangular while equation 6 is used if the 
cross section is of a circular nature. Once a shape is determined, elastic modulus, E, is the only 
unknown. With this information a value for EI can be found. When EI is calculated, a variety of 
cross sections and materials can be solved for.  
6.3 Geometry 
 
 For the geometry of the device two cross sectional shapes, rectangular and circular, were 
analyzed.  These two shapes were chosen because of their simplicity as well as ease of 
manufacturing. Using equation 6, various diameters were analyzed with specific materials.  The 
diameter was chosen based on the stress experienced by the shaft in its most deflected position.  
This is the x-direction stress that is experienced by the shaft at the farthest length from the fixed 
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end.  Equation 7 shows how stress was found.  M is the moment, y is the distance to the neutral 
axis and "I" is the moment of inertia. 
 
 
Equation 7: Formula to determine stress of the wiper shaft 
The length of the beam and force and maximum force are known values, therefore the 
moment of inertia can be calculated.  The value of the moment of inertia and distance from the 
neutral axis both depend on the value of the diameter, so a range of diameter values were used in 
this equation to yield a range of stresses.  If the stresses were calculated to be less than that of the 
yield strength of the material being analyzed, the geometry was considered a viable option.  In 
some instances no diameter could be found to fit the design parameters. For most of the materials 
a diameter that met the minimum stress requirement could not be found. For this reason it was 
decided that rectangular cross sections should be used for the design of the device. Equation 8 
was programmed into MathCAD in order to find acceptable values for the height and width for 
the rectangular cross section.  
 
Equation 8: Equation of height as a function of base 
Equation 8 is the result of the combination of Equations 4 and 5.  By solving these two 
equations for height, a range of values could be used for base such that several different 
corresponding values of base and height were available based on the applied force. The values 
calculated from this function were substituted into Equation 5 to solve for the moment of inertia 
for each selected material. From there, the different values of “I” were used in Equation 7 to 
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calculate stress. As with the circular cross section, the calculated stress must be less than that of 
the yield strength of the given material. Varying values of height and base were used to find 
appropriate moments of inertia which correlated into stresses below the yield strength. More 
materials could be selected using this rectangular cross sectional geometry than that of the 
circular cross section. The values for each material can be found in Table 2.    
6.4 Material Selection 
 
 Based on the allowable dimensions, a material was chosen. Other factors were also 
considered in making the material choice. One of the major factors was melting point of the 
material.  In order to be reusable, the part must be autoclaved at temperatures up to 275°F which 
means the material chosen must have a higher melting temperature than this. The final part needs 
to be cost effective and worth purchasing, so the material chosen must be relatively inexpensive. 
The material should also not add an unnecessary amount of weight to the dental mirror assembly.  
Any material that would double the weight of the mirror cannot be used.  The material chosen 
must also be biocompatible since it will be inside patients’ mouths.  From the results of the stress 
analysis, titanium, PLA, PC, nylon, ABS plastic, and polypropylene were found to be viable 
material selections. Of these, ABS plastic could not be autoclaved because it cannot withstand 
the high temperatures needed to sanitize equipment.  However, the WPI rapid prototype machine 
uses ABS plastic so further analysis of this material to create a part is necessary. Table 2 shows 
the possible material choices that can be used. Table 2 shows the calculated stress, strain, yield 
strength, geometrical dimensions, and elastic modulus for each of the materials in both 
rectangular and circular cross sections.  
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Because the deflection, force, moduli, moment of inertia, and length of the beam are known the 
deflection path that the beam will take can be plotted using Equation 9 (Norton, p.1081) 
 
Equation 9: Path of deflection equation 
  
Figure 16 shows a graph of the deflection of ABS plastic.  This graph and the graphs of all other 
materials have essentially the same shape because “EI” has been made constant and elastic 
modulus is the only material dependent variable.  Knowing the deflection path helps in making a 
SolidWorks model of the system at the most deflected point. 
Table 2: Material selection 
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Chapter7. Prototype 1 
7.1 Design of the Prototype 
 
A first generation prototype of the final design choice was created using ABS plastic. The 
prototype was created using a rapid prototype machine which creates stacked layers of plastic 
strips in a 3-D printer style creation. A CAD model was created using the SolidWorks software 
and used as the code for the rapid prototype machine. It was important that the dimensions for 
the thin wall features in the CAD model to be within the tolerance limits of the rapid prototype 
machine. For this particular machine the minimum thickness needed to be greater than or equal 
to 0.06 in.  
 In order for the wiper mechanism to function properly, two parts needed to be created; 
the wiper and shaft as well as the casing through which the rod slides.  By applying the geometry 
from the beam analysis, an appropriate sized shaft and casing could be made.  The connection of 
the casing to the mirror handle was another important factor that needed to be considered.  By 
measuring the diameter of the mirror handle, clips could be designed to fit the casing snuggly to 
the handle ensuring stability during use.  The back clip of the casing needed to be designed as a 
semicircle because the back of the mirror handle being used has a semicircular shape.  The front 
clip was simply designed with a circular cross section to fit the front of the mirror handle.  
Finally, a thumb push needed to be made so that the wiper could be comfortably pushed up the 
surface of the mirror by the user.  The resulting SolidWorks model is shown in a screenshot in 
Figure 17 (The mirror in this SolidWorks model is not exactly to scale). 
 A model of the wiper system at its most deflected point was also created in SolidWorks 
to illustrate the orientation of the shaft at maximum deflection.  This was done using the 
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deflection as a function of length equation (Equation 11).  The deflected shaft is shown in Figure 
18. 
 
Figure 17: prototype 1 SolidWorks assembly 
 
  
 
Figure 18: Prototype 1 deflected SolidWorks assembly 
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7.2 Creation of Prototype 
 
 Once the design of the wiper and shaft were completed and defined in SolidWorks, the 
files were sent to the rapid prototype machine to be made of ABS plastic.  The resulting 
assembly is pictured and labeled in Figure 19.  The hollow wiper case is connected to the mirror 
handle by the clips at the bottom.  The wiper shaft fits into the casing and is distanced 
appropriately from the mirror head such that the wiper portion touches the bottom of the mirror 
head.  Part of the wiper shaft is the thumb push which allows the user to push the shaft parallel to 
the mirror handle such that it deflects as the wiper moves up the mirror surface.  An 
appropriately sized slit in the top of the casing allows the thumb push to move through the 
stationary casing. Figure 19 shows the assembled prototype with each feature. The wiper shaft 
slides into the wiper case which is attached via the clips to the mirror. The thumb push is 
attached to the wiper shaft. The thumb push is where the force is applied in order to move the 
wiper along the surface of the mirror, clearing any debris obstructing vision.  
 
Figure 19: Assembled first prototype labeling each feature 
The dental mirror used for this design has two parts; a handle and a screw on mirror head.  To 
assemble the attachment onto the mirror, the mirror head can be screwed all the way into the 
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handle.  The wiper shaft can be slid into the casing so that the attachment and dental mirror are 
each individually assembled.  The casing clips can then be slid onto the mirror handle with the 
wiper facing toward the mirror surface.  Once the wiper comes in contact with the mirror surface 
as shown in Figure 18, the assembly is secure and ready to be used.  The two individual parts of 
the assembly are shown in Figure 20.  The picture shows the top view of the wiper/shaft part and 
the side view of the casing when the two are not assembled. 
 
Figure 20: Disassembled first prototype 
7.3 Evaluation/Analysis 
 
Upon initial inspection of the prototype it appears that the prototype was successful in 
several different areas. The wiper fit correctly into the case as it was designed to do. Enough 
tolerance was left for tight fitting pieces to fit and slide past one another. The clips were able to 
attach the case to the mirror with a tight fit. The case does not slide or rotate on the mirror 
handle. Once pushed, the wiper can successfully translate up along the surface of the mirror 
without any plastic deformation or cracking. The fact that the prototype deflects as intended 
shows the accuracy of the calculations during the analysis stage of the project. If there was an 
error in the analysis the shaft would either fail or be too rigid to bend, restricting bending and 
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therefore movement along the mirror. The stresses appear to be tolerable as well. The device 
shows no signs of immediate or impending failure.  
One of the immediately noticeable problems with this first prototype is that it is too high 
off of the mirror handle for the wiper to come in contact with the bottom of the mirror surface.  
This means not only that it cannot clean the entire surface of the mirror but it also interferes with 
visibility. Another problem is that the wiper itself is wider than the diameter of the mirror, taking 
up more space than is necessary.  The thumb push grip is probably too small to be used 
repeatedly for an extended amount of time.  A wider thumb push with more grip and a more 
ergonomic shape will allow for more comfortable repeated use. 
 Other possible changes to the prototype include the geometry and shape of the wiper 
shaft.  Giving the rod a different base and height will make it easier to push but will involve a 
design study using safety factors to find the optimal cross section for the part.  Changing the 
shape of the rod might also make it easier to push up the surface of the mirror.  By making the 
wiper shaft which extends out of the case into a slightly parabolic shape, the wiper may be able 
to move up the mirror with less force exerted. 
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Chapter 8. Prototype 2 
8.1 Modifications to Prototype 1 
 
 The first change to be implemented on the second prototype was the addition of a wiper 
blade. The first model did not have an actual feature to remove debris. A standard car windshield 
wiper can be modified to fit on the device. The rubber part was removed and added to the wiper 
feature of the device. This was accomplished by changing the shape of the wiper head to 
accommodate the rubber. Forming a slit allowed the rubber to slide into the device but remain in 
place during use.  
 To make the wiper shaft more comfortable for the user’s thumb, the thumb push needed 
to be made wider and contain small slits to increase the grip.  This will increase the ease of use 
during long procedures in which the wiper must be activated many times.  The casing that holds 
the wiper had to be made closer to the handle of the mirror so that the wiper would come in 
contact with the bottom of the mirror surface, increasing user visibility. 
 Although the first prototype wiper shaft can be deflected up the mirror surface, it was still 
beneficial to change the geometry to allow for easier use.  One solution to properly changing the 
geometry of the shaft was by involving a safety factor.  Using a safety factor gives the freedom 
to make a more bendable shaft without the worry of failure.  In order to incorporate the safety 
factor into the calculations for base and height, Equation 12 was used. 
 
 
Equation 10: safety factor 
 
In the case of the cantilever beam the Von Mises stress, , is equal to the stress in the x-direction 
which is defined in Equation 7.  Equation 5, Equation 7, and Equation 12 can all be combined to 
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solve for base or height.  Equations 13 and Equation 14 show the combination of the previous 
three equations for base as a function of height and height as a function of base respectively. 
 
Equation 11: base as a function of height 
  
 
Equation 12: height as a function of base 
 A range of numerical values for height can be inserted into Equation 13 with several different 
values for the safety factor.  Doing this will yield corresponding values for base.  Graphing base 
as a function of height will give a family of graphs, each with a different value for safety factor.  
The same process can also be done with height as a function of base.  Figure 21shows base as a 
function of height with the safety factor of 2 for ABS plastic.  Several different graphs of this 
type were made using different safety factors and numerous materials.  It can be seen from 
Figure 21 that the values of base quickly grow larger as the height grows smaller.  Smaller values 
of height will make the shaft easier to bend in the y-direction but it also means that the base will 
have to be wider and potentially obstruct vision or be uncomfortable in the patient’s mouth.  For 
this reason it is important that an appropriate safety factor is chosen. 
 Choosing an acceptable safety factor means looking at how the product will be used.  
After looking through the material choices for the wiper assembly it became clear that plastics 
are more likely to work in this application than metals.  Many of the otherwise viable metals do 
not have acceptable yield strengths with the force that is to be applied.  They will also add 
considerable weight to the mirror which needs to be held for an extended amount of time.   
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Figure 21: base as a function of height graph 
 
A plastic as the material choice would allow the possibility for the part to be disposable.  If the 
part is made to be disposable then a lower value for the safety factor can be applied, which 
means a smaller base and height can be chosen for the shaft of the wiper.  Smaller values of base 
and height allow the shaft to bend more easily without taking up more space than is necessary. 
 As a result of the base and height analysis, a safety factor of 1.2 was chosen as the most 
viable value for ABS plastic, the material used for the rapid prototype machine.  Using a safety 
factor of 1.2, a value of 0.155 inches was chosen for the height and this yielded a base of 0.375 
inches from Equation 13.  This new geometry, as well as the other previously mentioned 
changes, was put into SolidWorks to create an improved second prototype of the wiper assembly.   
8.2 Final Material Selection 
 The best solution to material choice was to make the entire attachment disposable after 
one use.  The engineering plastic chosen for this application needs to have a relatively high 
tensile strength so that the base and height can be made as small as possible.  A lower elastic 
modulus will allow the shaft of the wiper to bend more easily.  The most economical means of 
manufacturing a part of this kind is injection molding so the plastic chosen needs to be able to 
melt.  The price of the plastic must also be reasonable such that it is worth it for dentists and oral 
surgeons to purchase it for use by only one patient.  After analyzing several engineering plastics 
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similarly to ABS plastic with the inclusion of safety factors, the best overall plastic was chosen.  
Nylon 66 had the best properties at a reasonable price and was therefore the logical material 
choice (Table 3). 
Table 3: Plastic material properties 
 
8.3 Design of the Prototype 
 
 The SolidWorks model for the second prototype of the wiper attachment looks similar to 
the first prototype with a few exceptions.  As previously mentioned the geometry of the wiper 
shaft was changed, the thumb push was made wider, and the head of the wiper was modified to 
hold rubber material from a windshield wiper.  This would allow the shaft to bend more easily 
and comfortably and clean off any debris on the mirror as it deflects up the surface.  Figure 22 
shows the head of the wiper shaft with an insert slit for the wiper blade.  The wiper blade will 
slide into this insert with a small piece of rubber sticking out at the end.  This piece of rubber 
will be what cleans the mirror when it is pushed up the surface.   
 The SolidWorks drawing of the second prototype wiper shaft is pictured in Figure 23.  
The geometry of the wiper blade insert was measured so that an appropriately sized slit could be 
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made to securely hold it in place.   
 
Figure 22: Prototype 2 wiper head 
   
 
Figure 23: Prototype 2 wiper drawing 
 
Figure 24 is a screen shot of prototype 2 in SolidWorks.  Compared to the first prototype it is a 
more complete assembly because it has the potential to clean the surface of the mirror when 
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actuated.  The rubber wiper piece, which can be seen inserted into the head of the wiper shaft, is 
positioned to accomplish this task.   
 
Figure 24: Prototype 2 assembly 
 
8.4 Wiper 
 
The rubber wiper being used for the prototype is the wiper blade of a windshield wiper.  
The windshield wiper was a Rain-X Latitude Wiper, Manufacturer Part Number: 5079277.  The 
rubber strip is simply cut into a one inch strip and can then be included into the wiper attachment 
assebly.  The head of the wiper attachment was designed specifically to house this piece of 
rubber such that it can be easily slid in but remain snug.  Once in place, the small portion that 
will be wiping the mirror surface is protruding from the insert slit.  Figure 25 shows a cross 
section of the wiper head on a piece of 1mm graph paper. 
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Figure 25: Wiper blade cross section with dimensions 
 
  
8.5 Creation and Evaluation of Prototype 2 
 When the second prototype was created by the rapid prototype machine there was an 
issue with the tolerancing.   The wiper shaft did not fit well into the casing and the only solution 
was to sand the shaft to make a more usable fit.  The result of this was that the prototype no 
longer had an acceptable safety factor because the geometry had been compromised.  Another, 
more pressing issue was that the wiper insert did not remain in contact with the mirror during its 
deflection as it traveled up the surface.  The plastic of the wiper head was in contact with the 
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mirror surface for most of the deflection which meant that it would not be able to clean any 
debris.  This meant that a new prototype needed to be created for testing.  In Figure 26 the flaws 
of the second prototype can be seen as it is connected to the dental mirror.  The successful aspect 
of this prototype was that the rubber insert fit into the slit created for it in the wiper shaft.  There 
is no possibility of the rubber coming loose or sliding out during use due to the tightness with 
which it fits into the slit. 
 
Figure 26: Rapid Prototype 2 assembly on mirror 
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Chapter 9. Prototype 3 
9.1 Modifications to Prototype 2 
 The first thing that needed to change about the second prototype was the manner in which 
the wiper shaft fit into the casing.  The casing was widened so that the shaft could fit into and 
slide more easily within it.  The wiper shaft head design was modified so that the rubber wiper 
insert would be in contact with the mirror surface during its entire deflection.  This was done by 
angling the insert geometry in SolidWorks more toward the mirror surface. The drawings 
defining the changes can be seen in appendix B.  For the second prototype, the geometry of the 
rubber insert slit was made such that the wiper would protrude horizontally.  To fix the problem 
created from making the slit in this manner, the entire slit insert was angled 45° to ensure that the 
wiper blade would remain in constant contact with the mirror surface. 
9.2 Design of the Prototype 
The SolidWorks models of the second and third prototypes are very similar except for the 
minor changes mentioned in the previous section.  The size of the wiper case only needed to be 
changed by fractions of an inch so there is no noticeable difference in the casing.  The wiper 
shaft has the same geometry as the second prototype which was found using a safety factor of 
1.2.  Figure 27 shows a side view of the wiper shaft of the third prototype with the wiper blade 
insert slit at a 45° angle.   
 
Figure 27: Prototype 3 wiper shaft 
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9.3 Creation and Evaluation of Prototype 3 
 The third rapid prototype of the dental mirror wiper attachment was more successful than 
the second upon initial inspection.  The wiper shaft fit comfortably into the casing and the casing 
onto the dental mirror handle (Figure 28).  The wiper blade once again fit snugly into the slit 
created for it in the head of the wiper shaft.  The part of the wiper blade that protruded from the 
slit remained in contact with the mirror surface during the entirety of the wiping process.  These 
factors were an indication that testing could be performed using this prototype. 
 
Figure 28: Prototype 3 assembled on the dental mirror 
9.4 Testing 
9.4.1 Test Setup 
 
 To test the effectiveness of the second prototype in removing debris from a dental mirror, 
a method for testing needed to be established.  The first thing needed for testing is a means to 
measure the visibility of the mirror after a use of the wiper attachment on the dental mirror 
surface.  The grids from graph paper are a useful way to measure visibility since they can be 
counted in the reflection of the mirror’s surface.  After an application of debris, fewer squares 
can be seen in the reflection indicating poor visibility.  After removing this debris, more squares 
can be seen which means greater visibility. 
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 The most important requirement for using a reflected image to measure visibility is that 
the same number of squares needs to be visible from the surface of the mirror with each 
measurement when there is no debris. If there is debris, the sum of the visible and hidden squares 
needs to be equal to the number of squares visible with no debris since the number of squares 
visible with no debris will be used as the baseline for visibility calculations.  This means 
measuring from the same angle at the same distance.  To ensure accuracy, the visible squares 
will be calculated through the use of photographs of the mirror surface.  
 The mirror is placed on a surface and its position marked so that its placement does not 
vary with respect to the rest of the setup.  The graph paper is put vertically behind the mirror 
such that its reflection can be seen on the mirror’s surface.  A camera is placed in front of the 
mirror in a constant position so it will take identical pictures of the mirror surface every time.  
This will allow for the number of squares in each picture to be accurately counted.  The control 
picture is shown in Figure 29.  The squares in the reflection can be clearly seen and counted.  
Because the distances between all of the parts and tools involved remains constant, the amount of 
squares visible without debris will also remain constant.  Thus, the number of squares that can be 
counted are a measure of visibility. 
 
Figure 29: Visibility test control 
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Before the wiper attachment can be used with this setup, the method needed to be proven 
in theory, so a test run was performed using just the mirror and the rubber wiper material.  A 10 
drop layer of debris was applied to the mirror such that no reflection could be seen.  The solution 
chosen for the debris was a 1 to 4 ratio of toothpaste to water.  This mixture gave a usable 
viscosity while still initially obstructing reflectivity by 100%.  The debris on the mirror surface is 
shown in Figure 30. 
 
Figure 30: Mirror Surface with Debris 
 
 After the mixture was applied to the mirror surface, a piece of rubber wiper material was 
used to wipe the mirror.  For the purposes of this test, the amount of debris left behind was 
intentionally high such that reflectivity was low.  This was done to see if the measurement 
system in question was viable for testing the wiper attachment.  After the mirror surface was 
wiped, the mirror and the camera were placed into the originally marked positions to avoid 
discontinuity in measurement (Figure 31).  It can be seen from this picture that there are fewer 
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squares visible than in the control indicating reduced visibility.  In comparison to the control 
picture, the visibility is approximately 26%.   
 
Figure 31: Mirror after first test wipe 
To further investigate the plausibility of this testing method, the procedure was 
performed again.  However, this time the amount of debris removed by the rubber strip was 
increased.  All other aspects of the experiment remained the same so that the visibility of the 
mirror after wiping could once again be tested (Figure 32).  Here the number of squares visible in 
the reflection has increased from the previous test run.  The visibility compared to the control is 
approximately 62%.  These results indicate that the viability of this testing procedure is 
confirmed and it may be used to test visibility with the wiper attachment prototype. 
 
Figure 32: Mirror after second test wipe 
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9.4.2 Test Procedure 
 
The validity of the second prototype was tested according to the procedure established 
under the testing section. This procedure was followed using three types of debris. The first was 
a mixture of toothpaste and water, followed by a ketchup and water slurry to simulate blood, and 
finally solid debris. Each test was observed after, comparing the visible squares after each cycle 
to that of the control.  
 The first test was performed using a full length section of the wiper material. The mixture 
1:4 mixture of toothpaste to water was added to the mirror. The device was actuated three times, 
stopping to measure and document the amount of debris cleared from the surface of the mirror 
after each actuation. For a second test, an artificial mixture of ketchup and water was used in 
place of blood. The color and viscosity mocked that of real blood. As before, the device was 
actuated three times, collecting data between each cycle. The final test was implemented in order 
to mimic the problem of solid debris. A hotdog best resembled solid debris that may be 
encountered during a dental procedure. A small amount of the hotdog was crushed and placed on 
the surface of the mirror. The device was then activated through one cycle. The results were then 
observed.  
9.4.3 Results 
9.4.3.1 Test 1: Toothpaste Test 
 
The results of each test were photographed with a digital camera positioned in the same 
position, ensuring the accuracy of each test. The number of squares was counted and compared 
to that of the control picture, giving a percentage of the squares visible. This percentage is 
correlated to the reflective quality of the mirror and therefore the successfulness of the design.  
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 Figure 33 shows the control photograph for the first test. There are 25 visible squares. A 
square counts as visible if some white space can be seen. It does not count as a square if only the 
line is visible. Each cycle is compared to the visible squares in Figure 33. The results for test 1 
after three cycles are shown in Figure 34, Figure 35, and Figure 36 respectively.  
 
Figure 33: Control for test 1 
 
Figure 34: First cycle for the toothpaste mixture 
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After the first cycle (Figure 34) much of the toothpaste mixture was removed from the 
surface of the mirror. However, a thin layer of film was spread over the surface, making the 
mirror unreflective. No squares were visible.   
 
Figure 35: 2nd cycle for toothpaste mixture 
 The second cycle (Figure 35) removed some of the thin film left after the first 
cycle. The wiper removed enough debris so that 9 squares were visible. This gives a visibility of 
36 %.The third cycle (Figure 36) produced better results than the previous two. This cycle 
redistributed the debris but made more squares visible. The end result showed that 13 squares 
were visible, making 52% of the mirror visible.  
 
Figure 36: 3rd cycle toothpaste mixture 
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9.4.3.2 Test 2: Second Toothpaste Test 
 
 The first test proved that the device cleans debris from the mirror surface. The results, 
however, were less than desirable. The reason for this is that the rubber wiper piece extended at 
too great of a distance from the wiper head. This caused the wiper to twist while actuating the 
device. The left side of the rubber piece followed along the bottom section of the wiper head 
while the right side twisted up and followed the top section of the wiper head. This explains why 
debris was redistributed unevenly across the mirror surface. To counter the twisting effect, a 
small portion of the rubber tip was removed. The device was tested again after modification.  
A new control needed to be established for the second test (Figure 37). There were 28 squares 
that would be potentially visible.  
 
Figure 37: Control photograph for test 2 
 
Figure 38, Figure 39, and Figure 40 show the results of each cycle of test 2 using the toothpaste 
mixture once again. The figures show that with the improved wiper extension length, test 2 was 
more successful than the first test.  
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Figure 38: Cycle 1 
 
Figure 38 shows the reflective quality of the mirror after being actuated once. The figure shows 
that 8 squares are visible. Cycle 1 produced a visibility of 29%.  
 
Figure 39: Cycle 2 
In Figure 39: Cycle 2, 20 squares are visible. This was a vast improvement from that of the 
original test with the improper wiper piece. After cycle 2, 71.4% of the mirror’s surface could be 
seen.  
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Figure 40: Cycle 3 
 
After the final cycle (Figure 40) in test two all 28 squares are visible. Some of the squares may 
be partially blocked, however; each possible square can be seen. Although the visibility was not 
a true 100%, this test proves quantitatively that the device successfully removes toothpaste 
mixture debris after a maximum of three cycles.  
9.4.3.3 Test 3: Ketchup Test 
 
A visibility test was performed using a mixture of ketchup and water in an attempt to 
copy the color and viscosity of blood.  Water was added to ketchup until the properties seemed 
acceptable.  The mixture was put onto the mirror surface as shown in Figure 41.  Visibility is 
quite limited and there is very little if any reflection coming from the mirror surface. 
The wiper was activated and the top layer of debris was removed.  In Figure 42 it can be 
seen that the visibility of the mirror surface did not change much at all.  The wiper was therefore 
activated a second time to remove more of the debris from the surface but again the results were 
 48  
 
 
Figure 41: Mirror surface with ketchup/water mixture 
 
 not much different (Figure 42 & Figure 43).  After several more uses of the wiper, there 
was still no noticeable change in the visibility.  The failure of the wiper to clean the surface of 
the mirror after many uses might be attributed to the type of rubber material out of which the 
wiper blade is made.  It is possible that this particular material contains a chemical that does not 
allow it to displace the ingredients of the ketchup.  As a result 0% of the squares are visible in 
the mirror surface after wiping. 
 
Figure 42:  Mirror with ketchup, wipe 1    
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Figure 43: Mirror with ketchup, wipe 2 
9.4.3.4 Test 4: Hot Dog Test 
 
 During long dental procedures more than just liquid debris can come in contact with the 
mirror.  Tooth residue during drilling, material used for fillings, or even skin from the gums 
during an operation can all obstruct the visibility of the mirror surface.  To mimic solid residue 
during such procedures, small pieces of hot dog mixed with water were used as debris in this 
testing process.  A generous portion of hot dog mash was applied to the surface of the mirror 
(Figure 44: Mirror with hot dog).   
 
Figure 44: Mirror with hot dog 
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 After the hot dog and water mixture was applied to the mirror surface, the wiper was 
actuated (Figure 45).  The wiper removed a large amount of the solid pieces of debris leaving the 
mirror with comparatively greater visibility.  However, the amount of squares visible in the 
mirror surface is limited due to the remaining water that was not wiped away.  The visibility 
compared to the control is approximately 32%.  
 
Figure 45: Mirror after hot dog is wiped 
9.4.4 Visibility Percentage Results 
 
Table 4: Percent visibility after each wipe shows the results from each of the tests.   
Table 4: Percent visibility after each wipe 
 Visibility % 
1
st
 Wipe 
Visibility % 
2
nd
 Wipe 
Visibility % 
3
rd
 Wipe 
Toothpaste and Water 
1 
0 36 52 
Toothpaste and Water 
2 
29 71 100 
Ketchup and Water 0 0 0 
Hot Dog and Water 32 ---- ---- 
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9.5 Force Test 
 
 In order to test the validity of the analytical calculations regarding the constant force, a 
force gage was used to measure the actual force required to activate the device. An analog force 
gage was used to compare the actual force to the assumed force. To measure the force, the gage 
was pressed against the thumb push. The force necessary to activate the device to its maximum 
deflection was then applied. The force was read from the gage and then compared to the assumed 
force.  
When activated the force gage showed a maximum force between 3.75-4.25 lbf. This is 
slightly above the anticipated force of about 3.5 lbf. The extra force can be explained by friction. 
In the original analysis of the design friction was neglected. The friction of the rubber wiper as 
well as the friction between the wiper shaft and the case can explain why it takes more force to 
operate the device than was calculated. The percent error can be found using equation 13. 
 
 
Equation 13: Force error percentage 
By using 3.5 as the assumed force and 4.25 as the actual force the maximum error 
percentage of the assumed error is 17.6%. This error attributes for why the wiper is more 
difficult to push than originally thought.  
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Chapter 10. Prototype 4 
10.1 Modifications to Prototype 3 
 
 The fourth and final prototype was designed and created after testing was conducted on 
prototype 3. The wiper head was kept constant from the previous prototype. The difference came 
in changing the dimensions of the cross section. The height was lowered to 0.147 in. while the 
base changed to 0.4 in. (Figure 47).  This change came about because of the force test. It was 
decided that the wiper should be easier to push. The density of the wiper shaft was also changed. 
One wiper shaft was made of the standard density ABS while the other was created with a 
sparser, honeycomb like structure. This allows for the wiper to bend more easily, therefore 
required a lower pushing force on the thumb stud.  
 The last change made to the design involved the shape and texture of the thumb grip. The 
rear of the thumb grip (Figure 47) was extended to make it easier for the user to pull back the 
device. This need arose after testing the device. After actuating the wiper forward, it was found 
to be somewhat difficult to pull the device back to its starting position. By adding material to the 
back portion of the thumb grip, this problem could be overcome. Small semi-spheres were added 
to the top region of the thumb push as well. These are meant to serve as additional grip for the 
user. Figure 46 shows the model with new dimensions as well as the new thumb grip. The extra 
grip and extended thumb push will allow the user to activate the device more comfortably. These 
modifications make it more difficult to have the user’s thumb to slip off of the actuation spot.  
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Figure 46: Prototype 4 
  
10.2 Design of Prototype  
 
 The fourth iteration of the wiper takes into account all of the problems of the first three 
designs. The wiper head remains constant but the height and width are changed. Figure 47 shows 
how the height was changed to 0.147 in. and the width to 0.4 in. This allows for the shaft to bend 
easier, alleviating some of the efficiency lost to friction. A detailed drawing with all of the 
dimensions of prototype 4 can be seen in Figure 47: Schematic Drawing of 4th prototype wiper. 
A section view shows more clearly the geometry of the wiper head which holds the rubber piece.  
 Just as the wiper was modified for prototype 4, the case was also changed. The 
height and width was changed to compensate for the changed dimensions of the wiper. A 
tolerance of 0.03 in. was added to the height and base of the wiper to allow clearance. This 
clearance ensures that the wiper will fit into the case. Figure 48 shows the dimensions of the 
fourth iteration of the square wiper case.  
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Figure 47: Schematic Drawing of 4th prototype wiper 
 
Figure 48: Detailed schematic drawing for the 4th iteration of the square wiper case 
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10.3 Creation and Evaluation of Prototype 4 
 
 With prototype 3 there was an issue with the rubber wiper coming in full uniform contact 
with the dental mirror. A gap could be seen between the rubber and the surface of the mirror. 
This gap was the result of a rubber piece that was not cut completely straight. One side of the 
wiper was slightly wider than the other. To remedy this in prototype 4 the wiper material was 
sanded down with fine grit sandpaper instead of being cut.  Sanding the wiper made a more 
uniform wiper tip than cutting with a utility knife.  This removed any gaps between the mirror 
and rubber piece during wiping. By removing a small portion of the wiping piece, a better wiping 
action takes place with the surface of the mirror.  
10.4 Testing 
 
The testing procedures done for prototype 3 were replicated using the same methods for 
prototype 4. The same debris and ratio of debris were used, according to the testing methods 
section. As in the testing of prototype 3, prototype 4 went through three cycles. In between each 
cycle, the mirror was observed and photographed.  
10.4.1 Toothpaste Test 
  
 The first test done to evaluate prototype 4 was the toothpaste test. A control (Figure 49) 
was first taken in order to compare the results. This control shows a possible 27 squares to be 
visible. The mixture of toothpaste and water was then added to the surface of the mirror 
obstructing all of the squares in the reflective frame (Figure 50).  Figure 51 shows the mirror 
after activating the device for one complete cycle. After the first cycle, nine squares were visible 
from the reflection of the mirror. This gave a visibility of 33%.  
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Figure 49: Control setup for prototype 4 toothpaste test 
 
Figure 50: Toothpaste & water mixture obscuring view of mirror 
 
 
Figure 51: Mirror reflectivity after first cycle 
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The device was again put through another cycle and the reflectivity was checked again (Figure 
52). After the completion of two cycles, 17 squares were visible. After this cycle 63% of the 
mirror was reflective.  
 
Figure 52: Mirror reflectivity after two cycles 
 
The third and final cycle was completed and reflectivity checked again (Figure 53). After the 
final cycle 23 out of the 27 squares were visible. This gave the mirror a visibility of 85%.   
 
Figure 53: Mirror reflectivity after three cycles 
10.4.2 Hot Dog Test 
 
 Prototype 4 was put through the hot dog test to see how well it dealt with solid debris. 
The hot dog was minced down into the smallest pieces possible to accurately simulate solid 
debris that might accumulate during a procedure (Figure 54).  
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Figure 54: Solid debris test pieces 
The device was actuated through three complete cycles. The results of these cycles can be seen 
in Figure 55, Figure 56 and Figure 57respectively.  
 
Figure 55: Solid debris test cycle 1     
 
 
Figure 56: Solid debris test cycle 2 
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Figure 57: Solid debris test cycle 3 
Cycle 1 showed 13 out of a possible 27 squares visible. This gave it a reflectivity of 48%. 
The second cycle showed 17 visible squares for a reflectivity of 63%. Cycle 3 gave a reflectivity 
of 81 % by having 22 of the squares visible.  
10.4.3 Ketchup Test 
 
The final prototype was tested in a similar manner with a mixture of ketchup and water to 
mimic the color and consistency of blood, as done with prototype 3.  The mixture was added to 
the mirror surface as shown in Figure 58.  The control number of squares visible for this test was 
26.   
 
Figure 58: Ketchup on mirror surface 
 60  
 
After the first wipe (Figure 59) there was a considerable amount of debris removed, 
however, no squares could be seen in the reflection of the mirror indicating no visibility.  The 
second wipe (Figure 60) cleared the surface of the mirror enough that there were 20 squares 
visible.  The percent visibility after the second wipe was 77%.  The third wipe (Figure 61) 
cleared the mirror to almost perfect reflectivity.  There were 24 squares visible indicating a 
percent visibility of 92%.  Compared to the testing done on the third prototype with the same 
mixture this is a great improvement.  The third prototype did not remove any ketchup/water at all 
even after three wipes when the mixture was applied. The third wipe of prototype 4 (Figure 61) 
cleared the mirror to almost perfect reflectivity.   
 
Figure 59: First ketchup cycle 
 
Figure 60: Second ketchup cycle 
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Figure 61: Third ketchup cycle 
 
 The results from testing prototype 4 were positive. Overall the device performed well. 
The visibility after the third cycle of the toothpaste test was not quite as good as the third 
prototype; however, it still provided an adequate view of the mirror. The simulated blood test 
resulted in a much higher visibility than that of the previous prototype. The solid debris test 
demonstrated a much higher visibility as well. The results for each cycle can be seen in Table 5 
for the testing of prototype 4. 
Table 5: Visibility Results 
 Visibility % 
1
st
 Wipe 
Visibility % 
2
nd
 Wipe 
Visibility % 
3
rd
 Wipe 
Toothpaste and Water  33 63 85 
Ketchup and Water 0 77 92 
Hot Dog and Water 48 63 81 
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Chapter 11. Discussion & Conclusion 
 
The overall success or failure of this project depends upon the extent to which the initial 
design specifications were met.  Through a process of design and analysis a prototype was made 
to address the need of a self-cleaning dental mirror.  The prototype was tested and the results 
indicate that the final design met the specifications such that it can be considered a viable 
solution. 
 One important note considering the design specifications deals with the idea of making 
the device either reusable or disposable. Some of the design specifications lean towards the side 
of a reusable device. Some such specifications deal with autoclaving, life cycle, and corrosion 
resistance. Since the final product is meant to be disposable, it is not necessary to consider 
choosing a material that can withstand the high temperatures associated with sanitizing reusable 
medical equipment. Also, because it is not being used for long periods of time, fatigue stresses 
are not as critical since the device will only be used once then disposed of. Corrosion resistance 
is not as crucial since the only environment that the device will be exposed to is the inside of a 
patient’s mouth. The important thing to consider is whether the material it is harmful to the 
patient. It would be disadvantageous to use a plastic material with additives which can leech out. 
Certain additives can be hazardous to people, and saliva or water could catalyze the leeching 
process.  The material chosen, nylon 66, is both safe and cost effective to use for this application. 
 The wiper attachment meets many of the other design specifications created at the outset 
of the project.  When attached to the mirror it does not obstruct the visibility of the user when not 
in use.  The weight of the device adds very little weight to the assembly so as to not create 
discomfort.  The wiper can be pushed up and down the surface of the mirror with relative ease 
repeatedly.  The length, width, and height of the assembly do not make the mirror difficult, 
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cumbersome, or uncomfortable to hold.  The device can be held and actuated while inside the 
patient’s mouth with one hand, left or right, without causing unnecessary harm to the patient.  
Testing of the system revealed that a great deal of visibility can be restored to the mirror surface 
by actuating the wiper, usually in three wipes. The visibility was not restored to the specified 
90% in all tests. However, by activating the device through one or two more cycles, almost all of 
the reflectivity is restored.  
 The project results were reasonable and followed expectations. The design specifications 
were met and those that fell short did so by a small margin. A successful testing procedure was 
established and upon testing the device it worked as designed. The iteration processes were 
adjusted to solve problems discovered during the testing phases. Each iteration was an 
improvement on the last and the assumptions made during the design analysis stage of the 
project can be considered reasonable due to the success of the end product.  
  This project started with the problem of an inefficient way to quickly clear debris from a 
dental mirror while positioned inside of a patient’s mouth. The goal was to develop a means to 
clear this debris while inside the mouth.  Through the use of several design concepts, careful 
analyses, iterative processes, and testing that simulates real world applications, a device was 
created that proficiently solved the problem. The design process was implemented and carried 
out to create a working product that delivers results as required by the design specifications. As a 
result, the project was an overall success. 
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Chapter 12. Future Recommendations 
 
This project included several important areas of study; however, there is room for 
improvement and further study. Some facets of the project that could be further investigated 
include researching the fatigue life of the device, lowering the force required to activate the 
device, improving the design of the wiper for more efficient debris removal, and creating a 
prototype out of the nylon 66 material. With these developments the project could be taken 
through a patent and eventually a production status.  
 The fatigue life would be useful in order to determine the life span that can be expected 
for the device. This was not investigated further due to the fact that the device is disposable. By 
researching the fatigue life cycle, one could further optimize the minimum height in the wiper 
shaft. This can be used to make the smallest cross sectional area to minimize the push force 
required. The biggest challenge was having a geometry that could withstand the bending stresses, 
while also making the device flexible enough to operate properly. Any methods that could 
continue to lower the force needed to actuate the wiper would be ideal.  
 One issue which presented itself during the testing phase was the wiper insert. This 
project used a modified windshield wiper blade as the wiper mechanism. During testing, the 
debris would be wiped off of the mirror surface effectively, but would stick to the wiper. Upon 
retracting the wiper shaft, some of the debris was transferred back onto the mirror. This was very 
noticeable for liquid debris especially, and required several cycles in order to adequately clean 
the mirror. If this problem could be fixed, fewer cycles would be necessary to restore visibility to 
the mirror. This would make the device more efficient and would be preferred.  
 The prototypes developed for this project were rapid prototyped using ABS plastic. The 
best material choice for the device was determined to be nylon 66. Unfortunately there was no 
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opportunity to make a prototype from this material. The best way to test the validity of the design 
of the device would be to test it using nylon. Testing it with the nylon material would give a 
more accurate representation of the pros and cons of the device. Nylon 66 has a more desirable 
mechanical properties include elastic modulus, than those of ABS plastic. By using the desired 
material, the device could be further improved to continue to meet the goals of the project.  
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Appendix A: Mathematical Calculations 
 
Different safety factors were used to calculate bases and heights as described in the text.  The 
table below shows ABS plastic with different safety factors and ranges of bases and heights.  
Based on this the geometry of the wiper shaft was chosen. 
 
Figure 62: ABS plastic with different safety factors 
 
ABS plastic with safety factor of 2: 
All other safety factors and different materials have similar graphs with slight variations  
 
 
 
 
 
 
 
To see how the force and deflection are related, the force can be plotted as a function of 
deflection.    
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The previous equation was made into an equation with force as a function of deflection to get the 
following. 
 
The following graph was obtained in Mathcad from the previous equation using a value of EI 
from the ABS plastic equations.  Delta was taken from 0 to .707 which is the minimum to 
maximum deflection.  The graph shows how much force is needed as the deflection increases.  
 
Force as a function of deflection for ABS plastic 
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Appendix B: SolidWorks 
 
The following SolidWorks pictures show the differences between each of the prototypes and the 
changes that were made to improve each design. 
Prototype 1 
 
 
Figure 63: Exploded view of prototype 1 
 
 
Figure 64: Drawing of first prototype wiper shaft 
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Prototype 2 
 
The second prototype wiper shaft has a slit into which the wiper can be inserted. 
 
Figure 65: Drawing of second prototype wiper shaft 
Prototype 3 
 
The difference between wiper 2 and 3 can be seen in the previous and following pictures.  The 
third prototype has the insert for the wiper at an angle while the second does not.  This is so the 
rubber can stay in contact with the mirror throughout deflection. 
 
Figure 66: Third wiper side view 
 
